Abstract Fruit flies in the genus Anastrepha, especially the reproductive age females, are attracted to protein baits. Synthetic lures based on the principal components of protein degradation, especially ammonia along with acetic acid, were tested against 3 of the most economically important species. The results varied among the species, perhaps in part because of the different environmental conditions where these pests are prevalent In Mexico and Florida, A. ludens and A. suspensa, r espectively, were caught in higher numbers by traps baited with synthetic lures containing ammonium acetate and putrescine. But, in the Dominican Republic where A. obliqua is the dominant pest, traps with whole aqueous protein baits outperformed the synthetic blends. Ideally, a single attractant formulation could be deployed by a regional crop protection program for detection of an array of pest fruit flies. Our results suggest that the optimal blend may vary among species and from one region to another.
The adage that one can catch more flies with honey than with vinegar does not seem to hold for tephritid fruit flies. Acetic acid is an attractant, and even protein baits capture more fruit flies than sugar baits (McPhail 1937 (McPhail , 1939 . Volatiles from the fermentation of protein, including ammonia (Bateman and Morton 1981, Mazor et al. 1987 ) putrescine, and methyl-substituted ammonias such as methylamine and tnmethylamine (Robacker and Warfield 1993, Heath et al. 1995) are the primary compounds responsible for the attraction. Field trials provided evidence that these simple chemicals in combination with one another can be more attractive than whole protein baits (Robacker 1995 , Epsky et al. 1999 . These and subsequent studies by Thomas etal. (2001) , Epsky et al. (2004) , Hall et al. (2005) , and Robacker (2006) also indicate that response can vary among fruit fly species and that ambient conditions can affect attraction within fruit fly species.
Using a combination of electr oantennography and flight tunnel bioassays, Kendra et al. (2005a,b) demonstrated that in the Caribbean fruit fly, Anastrepha suspensa (Loew) the response to ammonia is influenced by age as well as by gender. Moreover, a curvilinear dosage dependence occurred with response peaking then declining with higher concentrations of ammonia. Hence, the release rate of the attractant formulation, and interactions among the components, may determine the attractiveness and, ultimately, the catch when deployed in traps.
Ammonium bicarbonate, which releases ammonia and carbon dioxide, and ammonium acetate, which releases ammonia and acetic acid, form the base of commercially available fruit fly lures along with one or more substituted ammonia components. In the studies reported herein, we compared captures in traps baited with these compounds at different dosages with traps baited with 2 of the standard liquid protein baits. Field trials were conducted in areas with endemic populations of 3 major pest species of fruit flies: the Mexican fruit fly, Anastrepha ludens (Loew), in Mexico; the Caribbean fruit fly, A. suspensa (Loew) in Florida; and the West Indian fruit fly, A. obliqua (Macquart) in the Dominican Republic.
Materials and Methods
The field tests were conducted in the spring and summer of 2004. The initiation and duration of each test was scheduled to occur during the peak of the fruit fly population at each study site. All trap blocks were set in groves of host fruit trees. In Mexico the selected orchard had alternating rows of Valencia orange, Citrus sinensiS (L.) Osbeck (Rutaceae), and pear trees, Pyrus commufliS L. (Rosaceae), with the traps set in the orange trees. This orchard was near the town of Allende, Nuevo Leon, and had a substantial population of the Mexican fruit fly. In addition to the commercial orchard site, we also set an array of traps in a natural habitat of host trees at Santa Rosa Canyon, Nuevo Leon, Mexico. Groves of the native host tree, yellow chapote, (Anacardiaceae), orchard near Hato Damas, San Cristobal province Dominican Republic.
Traps and lures.
All baits and lures were tested in MultiLure TM traps (Better World Manufacturing, Inc., Fresno, CA), which are two-piece plastic versions of the traditional McPhail trap. This versatile trap can be opened for deployment of synthetic lures, as well as liquid lures, or combinations thereof. The ammonium acetate lure used for testing was the BioLure TM MIFF packet (Suterra LLC, Bend, OR), a membrane-based controlled release formulation. A reduced dosage of lure from the packet was obtained by covering half of the release membrane with metallic tape (United Tape Co., Cummings, GA), whereas a fully exposed membrane delivered the high dose. Under laboratory conditions, the ammonia release rates have been quantified as -280 and -165 pg per h for the full and half lure, respectively (Heath et al 2007) . For ammonium bicarbonate we used the AgriSenSe TM lure (AgriSenSe BCS Ltd., Mid Glamorgan, South Wales, UK), a 20 g injection molded polymer which is 48% ammonium bicarbonate. Compared with the BioLure, ammonia release was about 50% less from the AgriSense ammonium bicarbonate lure, -145 pg per h (Heath et al. 2007 ). Thus, 1 AgriSense lure was deployed for the low dose and 2 lures for the high dose, the lure(s) suspended in the trap with a twist tie. In all of the ammonia-baited traps a putrescine lure (BioLure MIFF, Suterra LLC) also was included. PutresCifle is a component of all commercially available synthetic lures, and is particularly effective against A. ludens . The retention liquid used in all ammonia traps was 300 ml of water with 3 drops of Triton TM X100R surfactant (Fisher Scientific, were used as controls: NulureTM Pittsburgh, PA). Two standard liquid protein baits (Miller Chemical & Fertilizer Co., Hanover, PA) as a 300 ml aqueous solution of 9% Nulure (vol:vol) and 3% borax (wt:vol) , and a 300 ml aqueous solution of torula yeast/borax (three 5-gm pellets, 2.25:2.75 yeast:borax) ( ER AInternational, Freeport, NY). Thus, a total of 6 lure combinations were included in each test block as follows:
A. H20 + triton + putrescine + high ammonium acetate = (Hi AA) B. H20 + triton + putrescine + low ammonium acetate = (Lo AA) C. H20 + triton + putrescine + high ammonium bicarbonate = (Hi AB) D. H2 0 + triton + putrescine + low ammonium bicarbonate = (Lo AB) E. H2 0 + Nulure + borax = (Nulure) F. H2 0 + torula yeast + borax. = (torula) All synthetic lures were replaced every 4 wks. The Nulure and torula baits were replaced weekly when the traps were serviced.
Trap block design. At each selected orchard, the traps were hung at 11 112 m height inside the crown of individual trees in a 6 x 6 grid using alternating rows and alternating trees within rows so that each trap tree was separated on all 4 sides by a buffer tree. To avoid edge-effects, the trap grid was set near the middle of the orchard. One of each trap-lure combination was set per row (total 36 traps per block) with the order of the lures staggered so that like lures were not clustered, and when serviced each week, the lure position was rotated to the next trap-tree to minimize position effects. For the test in the sylvatic host, yellow chapote, 5 sites were chosen (1-3 km distance between sites) where the trees were numerous and 1 of each trap-lure combination could be placed in separate trees at each site, with weekly rotation among trees.
Dissections. All females captured during the Mexican tests were dissected to determine reproductive status: gravid (carrying mature eggs) or not. In the Florida test all females up to a maximum of 10 per treatment per wk were dissected. In the Dominican Republic test all females up to a maximum of 10 from each treatment per wk were dissected during the first 3 wks of the test only.
Statistical analysis. Means (flies per wk) and mean percent captures (percent of weekly captures) were compared by pairwise t-test. P robabilities were calculated with the NCSS probability calculator (NCSS Statistical Software, Kaysville, UT).
Results
Mexican fruit fly. In the commercial orchard, trapping began in mid-March and continued for 12 wks. Over 3,000 flies were captured with the peak occurring the second wk of trapping (Table 1 ). There was a clear difference in captures between the ammonia formulations with the ammonium acetate/putrescine traps catching many more flies (1680) than the ammonium bicarbonate/putrescine traps (726) over the same period. In terms of percentage, the ammonium acetate/putrescine traps captured 50% of the total flies, whereas the ammonium bicarb onate/putrescine captured only 22% of the total flies. Importantly, dosage of ammonia had a significant effect with the lower release rates capturing more flies in both for mulations. For ammonium acetate-based traps, the weekly mean capture rate, low versus high dosage, was (31) 176 (17) 56 (16) 19 (12) 29 (12) 48 (14) 15 (14) 8 (7) 9 (4) 8 (5) 5 (5) 6 (9) 521 43.4a
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Means followed by different letters are significantly different (P = 005). * AA = Ammonium Acetate ** AB = Ammonium Bicarbonate 33.0% versus 25.5% (t= 2.16, df = 22, P = 0.02). For ammonium bicarbonate-based traps, the respective weekly mean capture rates were 13.0% versus 5.1% (t= 3.99, df = 22, P= 0.0003). The best ammonium bicarbonate/ putrescine formulation was no better than the torula yeast bait, which captured 12.1% of the flies (t = 0.78, df = 22, P = 0.22), or Nulure with 11 . 3% of the flies (t = 0.31, df = 22, P = 0.42). The test in yellow chapote began at the end of April and continued for 10 wks. A total of 909 flies were captured with the peak occurring at the end of the test. The results closely mirrored the results in the orchard study in that the low dosage ammonium acetate-based traps outperformed the low dosage ammonium bicarbonatebased formulation, 37.4% versus 11.9% (t = 3.54, df = 18, P = 0.001). The best ammonium bicarbonate/putrescine formulation was no better than Nulure at 15.3%
(t = 1.01, df = 18, P = 0.16); and the low dosage ammonium acetate/putrescine captured more flies than the high dosage, 37.4% versus19.9% (t = 2.44, df = 18, P= 0.01). However, in this test both ammonia-based formulations outperformed the standard torula yeast bait (Table 2) .
With respect to gender and reproductive status of captured flies, there was a bias toward females and toward sexually mature flies, typical of food-based lures. But, there were no clear cut differences among the formulations with respect to those parameters. In the orchard study, and the yellow chapote study, females represented 58.5 and 54.1% of total captures, respectively. In the orchard the range was 56.8- (0) 2 (7) 1 (2) 0 (0) 1 (3) 8 (6) 4 (4) 6 (3) 12 (8) 12 (7) 46 4.6a 4.Oa 2 (20) 4 (13) 3 (6) 9 (22) 2 (6) 9 (7) 22 (20) 20 (11) 34 (23) 44 (25) 149 14.9b
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4 (40) 3 (10) 6 (12) 4 (10) 0 (0) 8 (6) 10 (9) 11 (6) 26 (17) 9 (5) Means followed by different letters are significantly different at (P = 0.05). * AA = Ammonium Acetate ** AB = Ammonium Bicarbonate 64.5% female by formulation, with the lowest female ratio in the high dosage ammonium bicarbonate-based traps and highest in the low dosage ammonium acetatebased traps. Overall, gravid females comprised 62.4% of captured females with a range among the formulations of 55.2-68.9%, again with the lowest percent in the high dosage ammonium bicarbonate-based traps and the highest percent in the low dosage ammonium acetate-based traps, but these differences were not statistically significant. In yellow chapote the proportion of females ranged from 45.7-60.9%, and as was the case in the orchard study, the high dosage ammonium bicarbonate-based traps had the lowest proportion and the low dosage ammonium bicarbonate-based traps had the highest proportion. Reproductive maturity ranged from 60.7-71.3% with the highest percentage in the low dosage ammonium acetate-based traps and the lowest percentage in the Nulure-baited traps.
Caribbean fruit fly. In the Florida test, a total of 907 flies were captured during the 8 wks of trapping (Table 3) . The results for A. suspensa were similar to results for A. ludens in that the ammonium acetate/putrescine traps outperformed the ammonium bicarbonate/putrescine traps (t = 4.20, df = 14, P = 0.0004) and the low dosage captured more flies than the high dosage in both formulations, though the difference was not statistically significant (t= 0.43, df = 14, P= 0.335). In this study, however, whereas the ammonium acetate/putrescine was better than the Nulure (t = 2.66, df = 14, P= 0.009), the ammonium bicarbonate/putrescine traps had low captures compared with the liquid protein baited traps (t= 2.73, df = 14, P= 0.008).
There was an extreme gender bias in the Florida test. Overall, 89.7% of the A. (19) 39 (22) 47 (39) 17 (11) 16 (15) 22 (47) 3 (9) 3 (7) 190 23.8ab
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Means followed by different letters are significantly different at (P = 0.05). AA = Ammonium Acetate ** AB = Ammonium Bicarbonate suspensa were females. Only the high dosage ammonium bicarbonate-based traps deviated from the pattern in having a somewhat lower proportion, 71.4% female, but there were only a total of 14 flies captured with this lure. Among the other treatments the female proportion ranged from 94% with the low dosage ammonium bicarbonatebased traps to 87% with the low dosage ammonium acetate-based traps. The proportion of mature females was similar to that found in the Mexican test, 65% overall. Gravid females ranged from 92% in the low dosage ammonium bicarbonate-based traps to 54% in the high dosage ammonium acetate-based traps. Because the gravidity rate in the high dosage ammonium bicarbonate-based trap was 75%, the ammonium bicarbonate lures attracted the greater percentage of reproductively mature flies, but the differences were not statistically significant (for means 75.0 and 54.0, t= 1.1, df = 8, P= 0.15).
West Indian fruit fly. The test in the Dominican Republic (Table 4) did not produce results comparable to those obtained for the other species. A far greater pest population was present with a total of more than 42,000 flies captured during the 15 wk study. In this test the liquid protein bait outperformed the best synthetic bait, which was the high dosage ammonium acetate-based traps (versus torula: t= 2.86, df = 28, P= 0.004; versus NuLure: t= 8.77, df= 28, P= 8.0 x 10_1). Although the ammonium acetate-based traps captured about 3x more flies than the ammonium bicarbonatebased traps (t= 4.73, df = 28, P= 3.0 x 10), the higher dosage was better than the lower dosage (t = 2.63, df = 28, P = 0.007). In percentages the ratio of captures was approx. 60:30:10 for the liquid protein, the ammonium acetate-based and the ammonium bicarbonate-based lures respectively. Hence, this species responded differently to the lures than the others tested. J. Entomol. Sd. Vol. 43, No. 1 (2008) (32) 1964 (32) 1607 (37) 2505 (41) 769 (27) 999 (24) 1084 (27) 675 (23) 422 (22) 343 (19) 212 (17) 121 (15) 124 (16) 64 (15) 20 ( (43) 2491 (41) 1403 (32) 1982 (32) 809 (29) 1758 (41) 1282 (32) 1011 (34) 646 (33) 745 (41) 399 (31) 330 (40) 324 (41) 122 (29) 29(33) 15382 1025a
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Hi AB** N% 41 (1) 28 (l) 99 (2) 164 (3) 395 (14) 283 (7) 257 (6) 168 (6) 69 (4) 42 (2) 27 (2) 15 (2) 12 (1) 28 (7) 7 ( On the other hand, with respect to gender and reproductive status of the flies captured, the results were generally similar to those with the other species in that there was a bias toward females and to mature flies. Overall, 73.1% of the captures were females, ranging from a high of 76% with the high dosage ammonium acetatebased traps to a low of 65.4% with the high dosage ammonium bicarbonate-based traps. However, with respect to reproductive maturity, the proportion of the mature flies was lower in this test, 45% overall. In comparing lures, the proportion of mature flies captured was reversed from the pattern with the other species. The gravidity rates ranged from a high of 53.3% of females captured in Nulure traps to a low of 33.3% of females captured in the high dosage ammonium bicarbonate-based traps.
Discussion
In our tests, mean percent captures of the Mexican fruit fly were greater with the synthetic ammonium acetate and putrescine attractants than with the torula yeast or Nulure as was also demonstrated by Thomas et al. (2001) . Similarly, captures of the Caribbean fruit fly were greater with the synthetic ammonium acetate and putrescine lure than with the torula yeast or Nulure, in accord with Hall et al. (2005) , and Holler et al. (2006) . In contrast, we obtained greater captures of the West Indian fruit fly using either of the natural baits, Nulure and torula yeast, than with the synthetic lures. Variable results have been obtained in similar tests with the West Indian fruit fly conducted in Chiapas, Mexico, Central and South America ) and in Puerto Rico (Pingel et al. 2006) . In four of those studies liquid protein baits gave the highest captures, in two of those studies ammonium acetate and putrescine gave the highest captures, and in the remaining two studies there was equal capture by liquid protein baits and ammonium acetate and putrescine. In tests conducted in Brazil with the South American fruit fly, Anastrepha fraterculus (Wiedemann), both Nulure and torula yeast captured more flies than the synthetic lures by more than a 2:1 ratio (Braga-Sobrinho et al. 2004 ). The latter, and all three of the species studied herein, including A. obliqua, fit Zwolfer's (1983) definition of a type 1 fruit fly, "opportunistic broad-range exploiters of pulpy fruits" (Aluja and Birke 1993) . All three species breed in a wide range of host plants over more than a dozen plant families (Norrbom and Kim 1988) . The difference in results might thus reflect a difference in ambient conditions at each habitat rather than an inherent difference in response among the species. Heath et al. (1997) demonstrated empirically that liquid lures are more attractive to Anastrepha spp. in the dry season than they are in the wet season. Hence, a difference in relative humidity among the test sites might account for the differences to some degree. Similarly, Yee et al. (2005) reported that compared with fruit volatiles, ammonium carbonate was a superior lure for the apple maggot fly, Rhagoletis p0-monella (Walsh), in the relatively dry climate of the western U.S. but not in the eastern U. S.
On the other hand, differences in host plant usage among the three species studied may explain the gender ratio differences observed. Nguyen et al. (1992) found that A. suspensa in Florida breeds primarily in noncommercial hosts such as loquat, Eriobotrya japonica (Thunb.) Lindl. (Rutaceae) and Surinam cherry, Eugenia un/flora L. (Myrtaceae), with subsequent dispersal into the citrus groves. This is a different situation from that with A. ludens and A. obliqua which were breeding in the groves under study.
Of special concern is the strong dosage effect seen with ammonia. In both the Mexico and Florida tests, the lower dosages of ammonium acetate and ammonium bicarbonate had significantly greater captures, demonstrating that release rate of ammonia from the formulations is critical. Very high dosages of ammonia may actually be repellent as has been shown in flight tunnel bioassays (Kendra et al. 2005b ). There have been anecdotal reports noting that fresh BioLure ammonia packets attract fewer flies in the first week of operation than they do in succeeding weeks, suggesting that the release rate in this commercial formulation may be too high. Our results are consistent with this explanation.
In all of our tests, ammonium acetate, which releases acetic acid along with the ammonia, was better for attracting flies than ammonium bicarbonate, which releases carbon dioxide along with the ammonia. This also was observed in the study by Braga-Sobrinho et al. (2004) with the South American fruit fly. Acetic acid has been shown to be attractive to the Mediterranean fruit fly, Ceratitis capitata (Wiedemann) (Keiser et al. 1976 ). However, Robacker (1995) found that adding acetic acid to an ammonium carbonate -methylamine HCL lure decreased captures of Mexican fruit flies. Carbon dioxide elicits an electroantennogram response in the Caribbean fruit fly (Kendra et al. 2005a) , and although it was not attractive in flight tunnel tests by itself, when it was presented in combination with ammonia, there was increased capture of mature but not immature females (Kendra et al. 2005b) .
It is unlikely that any one lure combination will be optimal for all species of fruit flies, or have even approximately equivalent effectiveness against the few most important Anastrepha pest species. In general, fermenting protein lures tend to capture significantly more females than males, and mature flies more than immature flies. But, the results tend to vary with respect to season and habitat, even using the same lures against the same species. Perhaps with additional field testing and a better understanding of the physiological basis underlying attraction, researchers will identify the factors responsible for the inconsistent results.
